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ABSTRACT 
The idea of this project presents investigations into the development of 
hybrid input-shaping and PID control schemes for active sway control of a gantry 
crane system. The main purpose of controlling a gantry crane is transporting the 
load as fast as possible without causing any excessive sway at the final 
destination. However, most of the common gantry crane results in a sway motion 
when payload is suddenly stopped after a fast motion. The failure of controlling 
crane also might cause accident and may harm people and the surrounding. The 
application of positive input shaping involves a technique that can reduce the sway 
by creating a common signal that cancels its own vibration and it also will be used 
as a feed-forward control which is for controlling to sway angle of the pendulum, 
while the proportional integral derivative (PID) controller will be used as a 
feedback control which is for controlling the crane position. The modeling of 
gantry crane will be used to simulate the system using MATLAB software. The 
ready-made gantry crane hardware system will be used for real-time experiment. 
The simulation result will be compare with experiment result. Finally, a 
comparative assessment of the control techniques is presented and discussed.
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ABSTRAK 
Tujuan utama projek mi dilaksanakan, adalah untuk mengawal pergerakkan 
ayuanan bagi sistem kren gantry, menggunakan hasil gabungan dua teknik yang 
berbeza iaitu pembentukan input positif dan sistem kawalan PD. Faktor utama 
mengawal kren gantri adalah untuk memastikan kren dapat mengangkat beban 
secepat mungkin dan meletakkan beban tepat pada kawasan yang dikehendaki tanpa 
belaku sebarang ayunan. Walau bagaimanapun, kebiasaarmya kebanyakan kren 
gantri akan berayun apabila muatan yang dibawa berhenti secara pantas. Kegagalan 
mengawal pergerakan kren juga mungkin menyebabkan kemalangan dan boleh 
memudaratkan orang ramai dan keadaan sekitarnya. Oleh itu, kaedah pembentukan 
input positif diperkenalkan bagi mengurangkan ayunan pergerakan hen dengan 
mewujudkan isyarat biasa yang mampu menghilangkan kadar getaran hen tersebut, 
selainitu ia juga akan digunakan sebagai kawalan suapan haLlapan bertujuan untuk 
mengawal dan mempengaruhi sudut bandul, manakala sistem kawalan PH) akan 
digunakan sebagai kawalan makium balas untuk mengawal kedudukan kren. 
Pemodelan kren gantri akan digunakan dan diterjemahkan ke dalam pensian 
MATLAB. Hasil keputusan dari perisian MATLAB yang diperolehi akan 
dibandingkan dengan hasil eksperimen. Akhir sekali, keputusan penilaian 
perbandingan teknik-teknik kawalan mi dibentangkan dan dibincangkan.
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CHAPTER 1 
INTRODUCTION 
1.1	 Overview 
Cranes are commonly employed in the transport industry for the loading and 
unloading of freight, in the construction industry for the movement of materials and in 
the manufacturing industry for the assembly of heavy equipment. In addition crane is 
important as a lifting machine, generally equipped with wire ropes or chains and 
sheaves, which can be used to lift and lower materials vertically and horizontally as 
shown in Figure I.I. It used one or more simple machines to create mechanical 
advantages and thus move loads beyond the capability of a human. 
Figure 1.1: Gantry Crane
1.2	 Problem statement 
The requirement of precise cart position control of gantry crane implies that the 
residual sway of the system should be zero or near zero. Almost every industry uses a 
gantry crane for its material handling applications. These gantry cranes are mostly 
equipped with a cabled hoisting mechanism, which are prone to the load sway 
problems. Sway persists even if a skilled operator is operating the crane. Because of 
danger to the ground staff and ground equipment, these load sways can't be accepted 
for such material handling applications. Furthermore, another factor that must be 
considered is the effect of the load swing and disturbance on the load will risk hazard 
in material handling application of a gantry crane system. Thus, anti-swing control of 
material handling cranes is becoming a necessity day by day and many researchers for 
anti-sway system have been progressed for a long time after the first appearance of the 
crane.
Regarding on this matter, active sway control of the gantry crane need to be 
developed, this project will focus on developing hybrid input shaping and PID control 
schemes. The application of positive input shaping involves a technique that can reduce 
the sway by creating a common signal that cancels its own vibration and it also will be 
used as a feed-forward control which is for controlling to sway angle of the pendulum, 
while the Proportional Integral Derivative (PID) controller will be used as a feedback 
control which is for controlling the crane position. The design control model can be 
applied to Gantry Crane Pendulum System hardware to get the result based on the real 
experimental implementation.
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1.3	 Objectives 
The objectives of this project are: 
i. To design positive input shaping techniques and PID controller for the 
anti-sway control of a gantry crane system. 
ii. To control and minimize the sway angle of gantry crane as fast as 
possible without causing any sway at the final position. 
iii. To compare the simulation results with experimental results. 
	
1.4	 Scope of Project 
The scopes that need to be proposed for this project are: 
L To study and understand the concept of input shaping and PID controller 
ii. Study the dynamic modeling of the Gantry Crane to design the input shaping 
algorithm. 
iii. Design PD controller based on Ziegler Nichols closed loop method 
iv. Design positive input shaping based on: 
• Positive zero sway (PZS) 
• Positive zero sway derivative (PZSD) 
	
:imulate 
Positive zero sway derivative-derivative (PZSDD) shapers.
v.	
	 the design using MATLAB 
	
vi.	 Do experiment by using Pendulum System Hardware.
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1.5	 Dissertation Organization 
This thesis is a combination of five chapters that contains and elaborates 
specific topics such as the Introduction, Literature Review, Methodology, Result and 
Discussion, and Conclusion. 
Chapter 1 basically introduced the background of the project. In this chapter, 
the background of project, problem statement, objectives and scope of the project 
will be discussed. 
Chapter 2 contains the literature review of various technical papers, journals 
and researches regarding to the modeling and various anti sway techniques in 
controlling the excessive sway of a gantry crane. 
Chapter 3 will be focused on methodologies for the development of hybrid 
input-shaping and PU) control schemes for anti-sway control of a gantry crane 
system. Each step in the work methodology will be explained. 
Chapter 4 will be focused on the simulation and experiment result and 
discussion of MATLAB and CEM-Tools software. Comparison between each 
positive input shaping derivative order with PU) controller as a feedback has been 
developed. This chapter also discusses a performance of each order and which orders 
are more efficient to reduce sway angle of the pendulum base on the experimental 
results.
Chapter 5 will be focused an overall conclusion and future recommendation 
for future works.
CHAPTER 2 
LITERATURE REVIEW 
2.1 An Overview 
The main purpose of controlling a gantry crane is transporting the load as fast 
as possible without causing any excessive swing at the final position. However, most 
of the common gantry crane results in a swing motion when payload is suddenly 
stopped after a fast motion [1]. The swing motion can be reduced but will be time 
consuming. Moreover, the gantry crane need a skillful operator to control manually 
based on his or her experiences to stop the swing immediately at the right position. 
The failure of controlling crane also might cause an accident and may harm people 
and the surroundings. 
Various attempts at controlling gantry crane system based on open loop 
system were proposed. For example, open loop time optimal strategies were applied 
to the crane by many researchers suchas discussed in [2,3]. They came out with poor 
results because open loop strategy is sensitive to the system parameters (e.g. rope 
length) and could not compensate for wind disturbances Another importance of open 
loop strategy is the input shaping introduced by Karnopp [4], Teo [5] and Singhose 
[6]. However the input shaping method is still an open-loop approach. 
On the other hand, feedback control which is well known to be less sensitive 
to disturbances and parameter variations [7] is also adopted for controlling the gantry
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On the other hand, feedback control which is well known to be less sensitive 
to disturbances and parameter variations [7] is also adopted for controlling the gantry 
crane system. Recent work on the gantry crane control system was presented by 
Omar [1]. The author had proposed PD (proportional + derivative) controllers for 
both position and anti-swing controls. Furthermore, a fuzzy-based intelligent gantry 
crane system has been proposed [8]. The proposed fuzzy logic controllers consist of 
position as well as anti-swing controllers. The fuzzy logic controllers were designed 
based on the information on the skillful operators and without the need of crane 
model and its parameters. The performance of the proposed intelligent gantry crane 
system had been evaluated experimentally on a lab-scale gantry crane. It was shown 
that the proposed system has a good positioning performance as well as a good 
capability to suppress the swing angle in comparison with the crane controlled by the 
PD (proportional + integral + derivative) controllers [8]. 
However, most of the feedback control system proposed needs sensors for 
measuring the cart position as well as the load swing angle. In addition, designing the 
swing angle measurement of the real gantry crane system, in particular, is not an easy 
task since there is a hoisting mechanism. Some researches have also focused on 
control schemes with vision system that is more feasible because the vision sensor is 
not located at the load side. The drawbacks of the vision system, among those are 
difficult maintenance and high cost [9]. 
During the operation of crane system in the container yard, it is necessary to 
control the crane trolley position so that the swing of the hanging container is 
minimized. Recently, an automatic control system with high speed and rapid 
transportation is required. Choi et al. have proposed a neural network two degree of 
freedom PID controller to controj the swing motion and trolley position. As the 
gantry crane has lots of dynamic characteristics, PD parameters must be changed in 
varying conditions automatically. At these points, it is important to tune the 
Parameters of the PB) control adaptively using a neural network self tuner [10].
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Pieper and Surgeno at December 1994 have proposed a single input discrete 
time sliding mode control for a gantry, crane problem. The controller is applied to a 
simulated pneumatically actuated cart positioning system. The cart tracks a set point 
in position while steadying a suspended pendulum. Actuators are three valued 
solenoid operators and pulse-width modulation is used between the control law and 
the valve [11]. 
Positioning a crane swinging load, at the bottom end of a cable, by moving a 
gantry trolley at the top, involves resolving the apparently conflicting demands of 
exact load positioning and active swing damping. Proposed control strategies to date 
have been open-ended, involving asymptotic approach to final rest positions. By 
contrast, a new control strategy, assuming an idealised cable, stops the load dead, 
exactly at the target, in a finite time, for all but the shortest manoeuvres [12]. 
The proposed method is easier to derive and implement than the time optimal 
control schemes and does not require the feedback of adaptive controllers. Rather 
than attempt to obtain exactly zero residual vibration, which is a practical 
impossibility, the technique yields non-zero, but low levels of vibration. The control 
technique investigated here is input shaping - a feed-forward technique that 
generates a command signal that is self-canceling. Input shaping is implemented in 
real time by convolving the command signal with an impulse sequence. The process 
has the effect of placing zeros at the locations of the flexible poles of the original 
system. An early form of input shaping was posicast control proposed in the late 
1950's [13]. More recently, a form of posicast control was successfully applied to the 
transport of suspended objects [14]. Posicast control is based on a simple linear 
model and is, unfortunately, very sensitive to modeling errors [15, 16]. When a crane 
hoists its payload, the system freqiiency changes, and therefore, posicast control will 
result in some amount of residual vibration.
8 
Robust input shaping techniques has recently been proposed [15, 17] and 
shown to work effectively on long-reach manipulators [18], as well as on 
configuration-dependent systems [19]. An HR filtering technique related to input 
shaping has been proposed for controlling suspended payloads [20]. Input shaping 
has been shown to be effective for controlling oscillation of gantry cranes when the 
load does not undergo hoisting [21, 22]. Experimental results also indicate that 
shaped commands can be of benefit when the load is hoisted during the motion [23]. 
The effectiveness of gantry cranes is often limited by both the transient sway 
and the residual oscillation of the payload. If the crane acts large like a pendulum, 
then experienced crane operators can eliminate much of the residual sway by causing 
a deceleration oscillation that cancels the oscillation induced during acceleration. The 
success of this approach depends largely on the skill and diligence of the operator. 
The feed-forward control technique of input shaping can be used to reduce 
the crane sway. Input shaping is easier to derive and implement than time-optimal 
control schemes and does not require the feedback mechanisms of closed loop and 
adaptive controllers. Input shaping is implemented in real time by convolving the 
command signal with an impulse sequence (an input shaper). This process is 
illustrated in Figure 1 with a pulse input and an input shaper containing three positive 
impulses. Note that the shaped input that results from the convolution has a rise time 
that is longer than the unshaped input by an amount equal to the duration of the input 
shaper.
Input shaping is a form of Finite Impulse Response (FIR) filtering that places 
zeros near the locations of the original system's flexible poles. The impulse 
amplitudes are equivalent to the filter coefficients. The impulse amplitudes and time 
locations are determined by satisfying a set of constraint equations. Input shaping has 
been shown to be effective for controlling oscillation of single pendulum gantry 
cranes [21, 22].
The industrial use of gantry cranes in ship yards is ever increasing, with a 
demand for greater safety and faster transfer of loads. The uncontrolled pendulum 
motion of loads suspended from a gantry crane endangers both the operating 
personnel and the often fragile load being transported. The crane operator, by the 
skillful manual drive of the gantry controls, ensures that this unavoidable pendulum 
motion subsides as quickly as possible. Since extended loading and unloading time is 
costly. Increasingly however, relatively high speed operating conditions mean that 
manual suppression of load swing by the operator is not possible, so alternatively 
mechanical or control engineering solutions have to be found. Mechanical solutions 
such as cable bracing or scissor-action systems are extremely expensive to install and 
maintain. Active crane swing compensation, on the other hand is a relatively 
inexpensive means of achieving greater safety and faster transfer of loads. There has 
recently been significant research addressing the problem of modeling and 
controlling gantry cranes. Butler [24] develops a dynamic mathematical model for an 
overhead gantry crane, but he and Forest [25] assume that the cable sway angle is 
very small in order to linearize the nonlinear system. A controller was then designed 
for this linear system. Unfortunately', when the acceleration of the load is not small 
with respect to gravitational acceleration, the assumptions made will not be justified. 
Kenison [26] has gone on to develop a model for complex loads that do not 
approximate simple pendulum motion. However, the control algorithm he uses is 
input shaping, where he uses a feed-forward system that is susceptible to output 
disturbances such as wind forces on the container, which are of particular concern in 
windy coastal regions such as the Eastern Cape in South Africa.
CHAPTER 3 
METHODOLOGY 
3.1	 Introduction 
This section described the methods used to reduce sway angle by using 
hybrid input shaping and PID control schemes. The methods explained by this action 
are very important procedures in order to ensure the flow of research move smoothly 
as planned. The methodology of this research is divided into three major sections 
such as: -
Modeling of gantry crane 
ii. Design and develop hybrid input shaping and PD control schemes 
iii. Simulation and experiment of gantry crane system
START
(Choose the title of 
project) 
Review of Tools	 Review Research 
(MATLAB)	 I I from Previous Study 
I Study the dynamic modeling of the Gantry Crane 
Design Positive Input	 Design PID Controller 
Shaping	 I I	 tuning 
	
V	 V Using Ziegler Nichols 
	
PZS	 PZSD	 PZSDD	 closed loop method 
Simulate the Crane's Model
via MATLAB 
Do experiment by using 
Gantry Crane Hardware 
END 
Tinproject 
Figure 3.1: Work Methodology
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3.2	 Modeling of gantry crane 
Modeling of a gantry crane is needed to represent the system that's been 
focused in order to do an analysis and further work. This involves obtaining the 
dynamic characteristic of the system. With dynamic analysis, it can predict such a 
problem, before a system is built. 
The two-dimensional gantry crane system with its payload considered in this 
work is shown in Figure 3.2, where x is the horizontal position of the cart, L is the 
length of the rope, 0 is the sway angle of the rope, M and m is the mass of the cart 
and payload respectively. In this simulation, the cart and the payload can be 
considered as point masses and are assumed to move in two-dimensional, x-y plane. 
The tension force that may cause the hoisting rope is also ignored. In this study the 
length of the cart, L = 0.5 m, M = 2.49 kg, m = 0.5 kg and g = 9.81 mIs2 is 
considered.
Y-axis
mg 
Figure 3.2: Gantry Crane Model
